Recognition of CpG oligodeoxynucleotides by human Toll-like receptor 9 and subsequent cytokine induction.
Toll-like receptor 9 (TLR9) recognizes a synthetic ligand, oligodeoxynucleotide (ODN) containing cytosine-phosphate-guanine (CpG). Activation of TLR9 by CpG ODN induces a signal transduction cascade that plays a pivotal role in first-line immune defense in the human body. The three-dimensional structure of TLR9 has not yet been reported, and the ligand-binding mechanism of TLR9 is still poorly understood; therefore, the mechanism of human TLR9 (hTLR9) ligand binding needs to be elucidated. In this study, we constructed several hTLR9 mutants, including truncated mutants and single mutants in the predicted CpG ODN-binding site. We used these mutants to analyze the role of potential important regions of hTLR9 in receptor signaling induced by phosphorothioate (PTO)-modified CpG ODN and CpG ODNs only consist entirely of a phosphodiester (PD) backbone, CpG ODN2006x3-PD that we developed. We found truncated mutants of hTLR9 lost the signaling activity, indicating that both the C- and N-termini of the extracellular domain (ECD) are necessary for the function of hTLR9. We identified residues, His505, Gln510, His530, and Tyr554, in the C-terminal of hTLR9-ECD that are essential for hTLR9 activation. These residues might form positive charged clusters with which negatively charged CpG ODN could interact. Furthermore, we observed ODN-PD induced interleukin-6 (IL-6) through TLR9 in a CpG-sequence-dependent manner in human peripheral blood mononuclear cells and B cells, whereas ODN-PTO induced IL-6 in a CpG-sequence-independent manner. These finding are relevant for the mechanism of hTLR9 activation by CpG ODNs.